The main result of Xiao et al. [ Phys. Rev. Lett. 95, 137204 (2005)] is shown to follow from Hamiltonian mechanics.
In a recent paper on the semiclassical dynamics of a Bloch electron, Xiao, Shi and Niu [1] claim that, due to a Berry curvature term, Liouville's theorem on the conservation of the phasespace volume element would be violated, a fact which would have been overlooked so far. Their main results would then be to redefine the phase-space density by including a pre-factor they obtain so as to compensate for the non-invariance.
Our aim here is to point out that all the mystery disappears if we use Hamiltonian mechanics. Giving a Hamiltonian structure amounts indeed to giving a Hamiltonian and a Poisson-bracket which satisfies the Jacobi identity; the equations of motion readξ = {H; ξ}, ξ = (k i , x i ) [2] . The usual Hamilton equations,ṙ = ∂ p H,k = −∂ r H, are only obtained when the coordinates k, r are canonical,
The system studied by Xiao et al. is Hamiltonian [3] : their equations of motion # (1a)-(1b) derive indeed from the Hamiltonian H = ǫ n − eV and the Poisson brackets
The coordinates used here are, however, non-canonical, explaining the particular form of the equations of motion. Now an "abstract" phase space carries no natural volume element: the latter can only be defined through a symplectic form ω αβ , which is the inverse of the Poisson-matrix ω αβ = {ξ α , ξ β }. Then the symplectic volume element is, in terms of arbitrary coordinates on phase space,
This is the usual dkdr only if the coordinates are canonical. The general form of the Liouville theorem [2] says that the the symplectic volume element is invariant w.r.t. the Hamiltonian flow. For the system considered by Xi et al., the prefactor in (4) is det(ω αβ ) = 1 + eB · Ω, precisely what Xiao et al. find. Liouville's theorem is hence not violated; this is not a new result: their pre-factor is well understood. and has in fact been used, explicitly, in the planar context [4] , # (3.1).
Later on, Xiao et al. study a planar system, their eqn. (17), which corresponds to a charged particle in a magnetic field and constant Berry curvature perpendicular to the plane. The system is consistent for any, and not only for a uniform magnetic field B [5] . It has been studied extensively since its introduction [5] in full generality and not only for B = 0. The critical case eBθ = 1 is in fact particularly interesting: det(ω αβ ) = 0 and the system is singular. The symplectic (alias) Liouville volume element, (4), vanishes [4] . The Hamiltonian reduction of the system leads a simple planar system where all motions follow the Hall law, whose quantization yields the ground states of the Fractional Quantum Hall Effect [5] .
